Background: Research in aphasia has focused on acquired dyslexias at the single
Introduction
For the majority of adults, reading is a skill that is part of everyday life. A skilled reader is one that can read large chunks of text (a novel, a newspaper, a report) with speed and fluency whilst maintaining comprehension. The ability to read is essential for many adults and literacy is used as a variable in population measures of quality of life (Slottje, 1991) . For individuals with aphasia (impairments to language and communication following neurological damage) difficulties comprehending paragraphs and longer texts, despite the capability to read and understand single words, can be a frustrating part of their aphasic profile (Coelho, 2005; Kim & Russo, 2010) . Difficulties reading and comprehending text present more frequently than difficulties decoding single words (Breznitz, Shaul, Horowitz-Kraus, Sela, & Karni, 2013; Webb & Love, 1983) and can lead to social exclusion and work problems; literacy and reading comprehension have been identified as key factors in successful return to work (Penn & Jones, 2000) . They are most often part of a mild aphasic profile (Coelho, 2005; Rogalsky & Edmonds, 2008; Sinotte & Coelho, 2007) . The majority of research on adult acquired reading disorders focuses on assessment and remediation at the single word level (Cherney, 2004; Funnell, 2000; Kim & Russo, 2010) , which is less applicable to those with text level difficulties (Kim & Russo, 2010) . At the present time, there are few options for assessing text level reading (Ellmo, Graser, Krchnavek, Hauck, & Calabrese, 1995; LaPointe & Horner, 1998) and available assessments "provide limited direction regarding treatment; they give limited insight into the nature of the underlying difficulty or what strategies are likely to be beneficial" (Webster et al, 2013 (Webster et al, , page 1374 . A concise review of existing therapy approaches is given in Webster et al (2013) , which also adds to the growing set of case-studies on remediation of text comprehension impairments in aphasia (Coelho, 2005; Cocks et al, 2013; Lynch et al, 2009; Meteyard, Bruce, Edmundson & Ayre, 2010; Potts & Morris, 2010; Rogalsky & Edmonds, 2008; Sinotte & Coelho, Meteyard L Bruce C Edmundson A Oakhill J Profiling text comprehension impairments in aphasia Aphasiology ahead of print 2007). Here we focus on assessment, and what tasks and approaches can be used to better understand the nature of text comprehension impairments in aphasia.
In skilled reading all steps of the reading process are relatively automatic and do not require significant effort; difficulties with reading can be signaled by reading that is excessively slow or not fluent (Wimmer, Mayringer, & Landerl, 1998) and this can be a key complaint of adults with acquired text comprehension difficulties (Meteyard, Bruce, Edmundson, & Ayre, 2010) . Text comprehension is complex. Neuroimaging with healthy adults has shown that text reading engages not only 'typical' lefthemisphere language regions (e.g. the inferior frontal gyrus, middle and superior temporal gyri, anterior temporal lobe) but also right hemisphere homologues of these areas (Ferstl, Neumann, Bogler & Von Cramon, 2008) . In individuals with traumatic brain injury (TBI), lesions to a broad network of fronto-parietal regions correlate with discourse comprehension impairments and are strikingly similar to lesion-symptom maps for executive function impairments (Barbey, Colom & Grafman, 2014) . As yet, no lesion studies exist for text comprehension deficits in aphasia post-stroke.
Literature on the typical development of reading and skilled adult readers has defined some key processes for successful text comprehension. These processes have been separated into lower level skills related to single word decoding, and higher level skills related to constructing the meaning of the text (Cain et al., 2004; Landi, 2010; Oakhill, Hartt, & Samols, 2005; Snow, 2002) . It has been argued that assessments of reading must take into account these component processes (Cain, Oakhill, & Bryant, 2004; Guo, Roehrig, & Williams, 2011; Hannon, 2012; McBride Chang, 2004; Mokhtari & Reichard, 2002) .
A useful framework for understanding text level reading is given by Perfetti (2000) , who separates reading into three broad stages. First are visual processes that are critical to get information but not counted as part of cognitive-linguistic processing.
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These can be disrupted by visual defects (e.g. oculo-motor control deficits, hemianopia, damage to visual processing regions of the brain) and can result in acquired peripheral alexias (e.g. hemianopic alexia; Leff, Spitsyna, Plant & Wise, 2006) . Second are processes that involve the decoding and recognition of orthography, accessing lexical representations and thus the linguistic knowledge available to the reader (e.g. semantics, morphology, syntax; Perfetti, 2000) . Acquired central alexias manifest at this level, with pure alexia representing the border between visual processes and lexical representations (Cherney, 2004; Leff et al, 2006) . Other acquired alexias that affect single word reading have been categorized, e.g. surface alexia (difficulty with irregular orthography-phonology mappings), phonological alexia (difficulty with unfamiliar/novel words) and deep alexia (semantic errors; Cherney, 2004; Crisp & Lambon-Ralph, 2006) . At the text level, knowledge of and access to vocabulary, morphology and syntax make a significant contribution to reading comprehension in adult readers (Guo et al., 2011; Long & Chong, 2001 ).
These linguistic skills are amongst those we know to be impaired in aphasia (Kertesz, 1982) and it is likely that text comprehension impairments for some individuals with aphasia will be caused or exacerbated by underlying linguistic deficits. Thirdly, there are more general cognitive skills that operate over linguistic skills, and allow the reader to construct the meaning of what is being read (Perfetti, 2000) . These will now be discussed in more detail.
It is hypothesized that readers represent the text both as propositions (i.e. founded on the original sentence structure, as a 'text base'; Perfetti, 2000) and as more developed situation models (van Dijk & Kintsch, 1983 Royer, 1979; Sohlberg, Griffiths & Fickas; . If the shallow text-base meaning has been extracted, paraphrase sentences should be accepted as 'old' or 'true'. The situation model is built by combining what is read with prior knowledge about the world to establish the 'scene' or context that is described (Fincher-Kiefer, 2001; Rinck & Bower, 2000; Rinck, Hahnel, Bower, & Glowalla, 1997; van Dijk & Kintsch, 1983; Zwaan, 1999; Zwaan & B.H.Ross, 2004; Zwaan & Radvansky, 1998) . The relationship between these two representations has been clearly stated by Perfetti (2000, page 188) : "Text bases… [contain] meaning representations generated with minimal inferencing… perhaps only those inferences needed to maintain referential coherence. Situation models, by contrast, are semantically deep, containing situation-specific meanings that generate rich inferences". Thus, inference skills are key in extracting meaning from text (Long & Chong, 2001) and it is debated whether they are automatically generated by skilled adult readers (Graesser, Singer, & Trabasso, 1994; Perfetti, 2000) . There are multiple ways of classifying inferences, so for simplicity we will make a broad distinction between local and global. Local inferences allow referential coherence, that is, they make sense of the text by linking successive elements (e.g. words, clauses, premises) that are read (Cain, Oakhill, Barnes & Bryant, 2001 ). Global inferences draw on background knowledge to elaborate and enrich the situation model (Cain et al, 2001; Perfetti, 2000) . Text comprehension difficulties may therefore arise through deficits in higher-level processes, for example in how inferences (local and global) are established. Specific difficulties with inferencing have been observed in TBI. For example, in making judgments about how two sentences pragmatically link together (Ferstl, Guthke & von Cramon, 2002) or in identifying which implied statements link to a previously read text (Sohlberg, Griffiths & Fickas; .
The maintenance of information is critical for these higher-level aspects of reading.
Profiling text comprehension impairments in aphasia Aphasiology ahead of print Working memory, as measured by complex working memory span, is a key mediator in reading comprehension ability (e.g. Carretti, Borella, Cornoldi, & De Beni, 2009; Hannon, 2012; McVay & Kane, 2012) . Reduced working memory capacity has been found to contribute to text comprehension difficulties in aphasia (Mayer & Murray, 2012) and discourse comprehension (across spoken and written modalities) for individuals with traumatic brain injury is highly predicted by working memory capacity (Barbey, Colom & Grafman, 2014) . Working memory is not just about storage capacity, indeed, research with healthy adult readers suggests that for text comprehension, the important factor is the ability to allocate attention and control relevant information at any one moment (McVay and Kane, 2012) . Impairments in working memory may therefore interact with linguistic deficits (Caplan, Michaud, & Hufford, 2013) . For example, difficulty in retrieving relevant information via lexical or syntactic processes will be further compounded by difficulties in deploying that information to build a rich representation of the text (i.e. the situation model).
An additional part of successful reading is the ability to apply meta-cognitive strategies to support reading comprehension (Kletzien, 1991) . Knowledge about one's own cognitive processes, or 'thinking about thinking', allows individuals to plan a reading activity and adjust the way they read different texts (e.g. a text-book versus a novel). These skills are important in being able to monitor comprehension, detect errors and resolve problems when something is not understood (Erhlich, Redmond, & Tardieu, 1999; Mokhtari & Reichard, 2002; Oakhill et al., 2005; Schreiber, 2005) .
A study with 3 individuals with aphasia found that they used strategies to increase the efficiency (speed and accuracy) of reading, to bring their background knowledge to bear more effectively (e.g. focusing on the meaning) and to overcome comprehension difficulties (e.g. using a dictionary) (Lynch, Damico, Abendroth & Nelson, 2013) . Crucially for aphasia rehabilitation, meta-cognitive strategies can be used to improve text comprehension (Cocks et al, 20130; Coelho, 2005; Meteyard et Meteyard L Bruce C Edmundson A Oakhill J Profiling text comprehension impairments in aphasia Aphasiology ahead of print al., 2010; Rogalsky & Edmonds, 2008; Sinotte & Coelho, 2007; Webster et al, 2013) .
In sum, text comprehension depends on multiple cognitive processes. Based on the existing literature, we have highlighted reading speed, language skills, representation of the text base, inferencing (local and global), working memory and meta-cognitive skills. These elements are known to be important either as key contributors to successful reading or as part of the text comprehension process itself. More importantly, they represent a set of variables that can provide an overall profile of an individual's text comprehension skills.
In this paper, we present a case-series analysis of four individuals with acquired text comprehension impairments post-stroke. The aim is to build profiles of text reading for different individuals. In doing so, we move towards targeting skills for assessment and for rehabilitation (Webster et al, 2013) . One hypothesis is that there will be a clear link between particular linguistic deficits (e.g. access to word meaning, difficulties parsing sentences) and difficulties in text comprehension. Alternatively, complex skills that we know to be key for successful text comprehension (e.g. inferencing, working memory) may show deficits that are separable from underlying linguistic performance. This second outcome would argue for assessment of these more complex skills being vital for the targeting of rehabilitation approaches.
Method

Participants
Four participants with chronic aphasia following left-hemisphere stroke (1 male, 3 female) were recruited from a University research panel and aphasia communication support groups. Participants were recruited on the basis of reporting adequate
Profiling text comprehension impairments in aphasia Aphasiology ahead of print reading of single words and sentences, but difficulty reading text. This profile was then confirmed with initial testing (see below). The average age was 64 years (SD 11.2) and average time post stroke was 4 years (range 3 to 5) at the time of testing.
All were right handed prior to their stroke. See Table 1 for demographic details, aphasia classification and severity based on the Western Aphasia Battery (WAB; Kertesz, 1982) and details of stroke lateralisation (from medical referral information).
All participants had normal or corrected to normal vision and hearing, and no other neurological or psychiatric conditions. Healthy older adults (five male, three female) were recruited via convenience sampling to provide age and education matched control data for further assessments of skills relevant to text reading. Their average age was 62.6 years (SD 9.2). Control data was collected by different researchers, resulting in some assessments being completed by only a subset of controls. All eight completed the written synonyms test (Psycholinguistic Assessments of Language Processing in Aphasia, PALPA, subtest 50; Kay, Lesser & Coltheart, 1992) , verbal working memory test (PALPA subtest 60), and long error detection / comprehension monitoring task. Seven completed the inferencing test (local and global) and sentence verification; average age 64.4 years, SD 8.3) and five completed the short error detection and reading speed assessment (average age 60.6 years, SD 6.2). See below for details of these assessments. Where control data was sufficient (n, mean and standard deviation values) patient data was compared against controls using procedures outlined in Crawford et al (1998 Crawford et al ( , 2002 Crawford et al ( , 2010 ).
These analyses make it possible to use data from small control samples. Otherwise, performance was defined as impaired when it was below and outside the minimum of the normal range; for example, on the Measure of Cognitive Linguistic Ability (MCLA; Ellmo et al, 1995) in which the sample size for each age-group is not provided.
Control data is not provided for the RCBA. 
L is a 64-year-old, right-handed, monolingual male who had a left sided CVA 3 years 1 month prior to testing. L was in full time education for 21 years, studying up to a doctoral level. Prior to the CVA, he was retired from a career as public servant. For self-rating of reading confidence, L reported 72% confidence when reading headlines and 42% confidence with longer texts. He reported always being able to read single words and sentences, being able to read a piece in the newspaper most of the time and a book slowly.
S
S is a 52-year-old, right-handed, monolingual female, who had a left sided CVA 4 years 4 months prior to testing. SC was in full time education for 16 years, up to undergraduate degree level. Prior to the CVA, she was working full time as director in a middle sized company. She returned to work for two years post CVA but left again in 2010 due to her aphasia. For self-ratings of reading confidence, she reported 87% confidence for headlines and sentences, and 49% confidence for longer texts. She reported always being able to read single words and sentences, being able to read a piece in the newspaper most of the time and not being able to read books. P P is a 61-year-old, monolingual, right-handed woman who had a left-sided CVA 4 years 11 months prior to testing. P was in full time education for 17 years up to Master's level. Prior to her CVA, she worked as a head teacher. She retired following the stroke. For VAS ratings of reading confidence, she reported 80% confidence when reading headlines, and 10% confidence with longer texts. She reported being able to read single words, sentences and a piece in the newspaper most of the time and not being able to read books.
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Design
A cross sectional, case-series observational design was used. For assessment tasks that were created for the purpose of this study, we compared patient data against the age matched control group.
Materials
Identifying a text comprehension impairment
Two available formal assessments were used to evaluate the presence of a text comprehension impairment. The Reading Comprehension Battery for Aphasia (RCBA; LaPointe and Horner, 1998) is currently the only existing battery aimed solely at assessing reading skills in aphasia. The battery has 10 core subtests and 7 supplemental subtests. Core subtests assess synonym judgment, single word, sentence and short paragraph comprehension; morpho-syntactic reading; functional reading (e.g. menus / food packets); factual and inferential comprehension for short paragraphs. Supplemental subtests assess lower level decoding skills (letter discrimination, naming and recognition), lexical decision, semantic categorization and oral reading (single words and sentences). We also used reading subtests from the MCLA. This is designed for clients who have mild-moderate impairments caused by traumatic brain injury. The reading subtests are functional reading (a newspaper extract, cleaning product label/instructions and a menu; questions targeting details stated explicitly and implied information), factual reading (one page, questions targeting details stated explicitly in the text) and inferential reading (questions targeting details stated explicitly and implied information). In both the RCBA and MCLA, the individual is allowed to refer back to the text while answering the questions. However, there is a considerable difference in the length of the passages in the two assessments. The RCBA's longest paragraph is 52 words, compared to the MCLA's that are 370, 444 and 614 words long. Based on these assessments, a text comprehension impairment is indicated when performance is at or near ceiling
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Reading Speed
The passages in the MCLA factual and inferential subtests were used as representative longer texts. For individuals with aphasia, the time taken to complete the first silent reading of each MCLA passage was recorded. For control participants, the time taken to silently read the passages was recorded. For both, words per minute reading speed was calculated (number of words / time taken in seconds, multiplied by 60) and averaged across the three passages.
Language Performance Single word comprehension / access to vocabulary
Subtests from the PALPA (Kay, Lesser & Coltheart, 1992) were used. Specifically, spoken-word to picture matching (Subtest 47) and written-word to picture matching (Subtest 48) provided a measure of access to vocabulary. Scores represent total number correct and control data is taken from that available in the PALPA. A harder task, written synonym judgment (Subtest 50), was used to test retrieval of more finegrained lexico-semantic information for written words. Scores represent total number correct and control data was provided by our control sample (none provided in PALPA).
Sentence Comprehension / syntactic knowledge
Two sentence comprehension tasks were used, a spoken and a written sentence to picture matching task (PALPA Subtest 55 and Subtest 56). Sentences include reversible and non-reversible structures and structures with increased complexity
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Inferencing: Local and Global
Local inferences require the reader to make links between successive words and sentences in the text whereas global inferences involve the integration of world knowledge. Local inferences can be targeted by questions whose answers require successive words and clauses to be linked. Global inferences are targeted by questions whose answers require the integration of world knowledge (Cain & Oakhill, 2011) . To target local and global processes specifically we adapted an inference task used in paediatric research (Cain & Oakhill, 2011) . Five short stories were created, intended to be easily read and understood by an adult (mean words = 119, range 76-141; Flesch Reading Ease mean = 82.5, range 74-90.5; average reading age = 11 years, range 10-13). Longer passages were not always more difficult (two shortest passages = 76 and 117 words, reading age = 13 and 12 years; two longest passages = 139 and 141 words, reading age for each = 10 years). Each story had four questions (see Appendix 1 A). Two questions required the linking of successive words (local) and two required the integration of world knowledge (global).
Participants were not allowed to refer back to the stories when answering. Stories were piloted with a small group of non-brain damaged adult readers who were asked to judge whether questions targeted these aspects separately. For local inferences, they were asked to decide whether questions could be answered by linking information stated in the text. For global inferences, they were asked to decide whether questions needed knowledge not mentioned in the passage to be used. To get a more complete picture of the participants inferencing ability we also used data from the MCLA to compare factual versus inferential reading, with the caveat that individuals can refer back to the text when answering. Errors for these tasks were categorized thematically into the following bins: omission (no response), partial (part 
Representing the text base
To look at the representation of the text base, we used a sentence verification paradigm taken from Royer (1979) (see Appendix 1 C). Participants read a passage silently before being presented with a series of 15 sentences. Participants were asked to say whether the sentences were the same as sentences they had just read by indicating whether it was 'old' (same) or 'new' (different). Participants were not allowed to look back at the passage. Four different sentences types were presented.
Original sentences and paraphrased sentences (meaning retained but surface structure altered) should have been classed as 'old'. Meaning change items (sentence structure retained with individual words changed, e.g. 'mother' to 'father') and distracter sentences (unrelated to original story but with the same characters) should have been classed as 'new'. In this task, normal performance is seen when paraphrase items are accepted as 'old', but meaning change items are not. This shows that the overall meaning of the text has been retained over and above specific sentences (Royer, 1979) . A total correct score out of 15 is provided.
Working Memory
To avoid using a measure of verbal working memory that is confounded by speech production difficulties, we used the pointing span subtest from PALPA (subtest 60; Kay, Lesser & Coltheart, 1992) and modified it to measure both forward and backward span (i.e. pointing to pictures in the presented order, or reversing the order of presentation). This task mirrors forward and backward span in digit or word string recall tasks. Backward span is taken as a better measure of working memory as it Profiling text comprehension impairments in aphasia Aphasiology ahead of print other, and three contained no contradictions. Contradictory sentences were adjacent (one text), separated by one intervening sentence (two texts) or two intervening sentences (one text). Participants were asked to read through the stories, decide if they made sense, and identify parts that did not make sense (i.e. the two sentences that contradicted each other). Therefore, the error detection tasks were similar with difficulty increased by the longer passages in the second task. Scores report the total number of errors correctly identified. Reponses for these tasks were also classed into correct identifications (a contradiction correctly identified) and false positives (consistent parts misidentified as errors). Profiling text comprehension impairments in aphasia Aphasiology ahead of print cases the WAB, RCBA and MCLA were administered first, with the order of remaining tasks being counterbalanced across participants. Table 2 presents data for background assessments of reading for all participants.
Meta-cognitive strategies: self-report of reading strategies
Results
Following guidelines from Crawford et al (2010) further assessment data is presented with one table per participant (Tables 3-6 ). Where control data was sufficient, this also shows whether performance is significantly different to controls. Table 7 presents the data from the MARSI questionnaires across all participants (self-report of reading strategy use). Data for response and error types by task are presented in Appendix 2. 
Background assessments of reading
On the core RCBA subtests (Table 2) , all individuals scored 90 or above out of a maximum score of 100. All individuals showed errors in tasks requiring the reading of short paragraphs (paragraph picture and/or paragraph inferential subtests), as well as errors in the morpho-syntax subtest (Appendix 2, Table 1 ). On Supplemental subtests, W and L scored at or near ceiling. P and S had low scores on tests requiring oral reading, reflecting their speech production difficulties (Appendix 2, Table 1 ). For the MCLA reading subtests, W and L scored below the normal range for functional and inferential reading. S scored below the normal range for factual reading only and P scored below the normal range for all subtests, with substantially lower scores than W, L and P on functional and factual subtests (Table 2 ). Error analysis from the MCLA is described below as part of the Inferencing section.
Language performance
For all participants, written word comprehension was within the normal range (Tables   3-6 ). When tested with a more challenging task (written synonym judgment), L scored significantly worse than controls (Table 4) . For W, spoken and written sentence comprehension was in the normal range (Table 3) . Written sentence comprehension was in the normal range for L. His spoken sentence comprehension was in the normal range for all sentences except 'converse relations', on which he showed impaired performance (Table 4) . For S, spoken sentence comprehension was impaired across all types and written sentence comprehension was impaired for reversible and gap as subject sentences (Table 5 ). For P, impairments were apparent in both spoken and written modalities, but for different types (Table 6 ). Nonreversible sentences were impaired only for spoken comprehension. There was evidence that syntactic difficulties were worse for written comprehension. Reversible sentences were below the 10 th percentile in both modalities, but significantly impaired Meteyard L Bruce C Edmundson A Oakhill J Profiling text comprehension impairments in aphasia Aphasiology ahead of print for written sentences. Gapped sentences were impaired in both modalities, but more consistently impaired (both gap types) for written comprehension (Table 6 ).
Across all patients there was a divergence between performance on the RCBA, where individuals achieved comparable overall scores on core tests (90 to 93) and found similar subtests difficult and performance on the MCLA where performance was more variable. For the individuals with mild/resolved aphasia (W and L), both were within normal limits for spoken and written single word to picture matching. W was also within normal limits for sentence comprehension. L's performance on written synonym judgment indicated a residual impairment in accessing the meaning of written words. This was supported by his performance on spoken comprehension of 'converse relation' sentences, in which verbs with contrasting agent-patient roles are used (e.g. buy-sell). In these items the roles are lexicalized rather than signaled by a structure (as in a passive) and problems with these items show difficulties with verb meaning (e.g. Jensen, 2000) . Both W and L performed worse than controls on functional and inferential reading in the MCLA.
For the two individuals with more severe aphasia, there was evidence of verbal working memory problems. S had written and spoken sentence comprehension impairments. She was impaired across all spoken sentence types, indicating an impact of verbal working memory. She performed within normal limits for functional and inferential reading but below the controls for factual reading in the MCLA. P had sentence comprehension difficulties in both modalities. She was impaired on nonreversible sentences in the spoken modality, indicating an effect of verbal working memory here. Performance across other sentence types indicated a central syntactic deficit (in line with her classification as a Broca's aphasic). She performed below normal limits on all three reading subtests of the MCLA.
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For three out of four participants, silent reading speed was below the average for control participants (10-20 th percentile for W, S and P; Table 3 , 5 & 6). In contrast to other participants, L had a faster reading speed of 410 wpm (above 75 th percentile, Table 4 ).
--------See end of document for Tables 3-6 -------
Key for Tables (3-6) *one-tailed probability. Grey shading indicates the participant's score is significantly below control data (Sig test) or below and outside the normal range (participant's score, e.g. 'W's score'). Spoken words = spoken word to picture matching (PALPA 47), Written words = written word to picture matching (PALPA 48), Spoken sentences = spoken sentence to picture matching (PALPA 55), Written sentences = written sentence to picture matching (PALPA 56), VWM = verbal working memory.
Inferencing
In the MCLA subtests (long passages that could be referred back to when answering questions), W was below the normal range on inferential reading but not factual reading (Table 2) . When local and global inferences were targeted specifically, W was below the normal range and performed similarly for both (Table 3) . L also scored below the normal range on inferential but not factual reading in the MCLA (when he could refer back; Table 2 ) but was worse on global inferences than local inferences (Table 4) . S was below the normal range for factual reading but not inferential in the MCLA (Table 2 ) and also showed worse performance on global versus local inferencing (Table 5) . Therefore, S performs well in making inferences when she can check the text (MCLA), but otherwise struggles to integrate world knowledge whilst reading. Finally, P was below the normal range for both factual and inferential reading in the MCLA, with worse performance on functional and factual subtests (Table 2) . Her performance was poorer on global than local inferencing (Table 6 ).
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Similar to S, this shows a difficulty integrating knowledge whilst reading. Overall, three out of four participants (L, S and P) showed worse performance on global than local inferencing (Tables 4-6 Table 2 for a full breakdown of errors.
Representing the text base
Participant W, S and P were within normal limits for the sentence verification task (Tables 3, 5 & 6) . L was the only one worse than controls on this task (Table 4) ; his responses showed a tendency to not recognise original sentences and to accept meaning change sentences as 'old'; this indicates difficulty in building a stable representation of the text base. See Appendix 2 Table 3 for a full breakdown of responses.
Working Memory
Impairments in forward and backward picture pointing span (verbal working memory. VWM) mirror the severity of aphasia (Tables 3-6). W was within normal limits for both, L was significantly worse than control participants for backward span. S and P Meteyard L Bruce C Edmundson A Oakhill J Profiling text comprehension impairments in aphasia Aphasiology ahead of print were significantly worse than control participants for both forward and backward span.
Meta-Cognitive skills: error detection
W was within normal limits for both versions of the error detection task (Table 3) L was significantly worse than control participants in detecting content errors in both versions of the task (easy and hard; Table 4 ). S was significantly worse than controls in the easy version, but within normal limits for the hard version (Table 5 ). P was able to complete the easier version within normal limits but unable to finish the task in the hard (longer) version (Table 6) , showing a possible effect of passage length on either her performance or confidence. Responses showed that difficulties were in detecting the contradictions, not in misidentifying consistent passages as contradictory (L made one false positive error in the easy condition). See Appendix 2 Table 4 for a break down of responses.
Meta-cognitive strategies: self-report on reading strategies.
Three out of four participants scored low to medium for all reading strategies (W, L and P) ( Table 7) . Only S scored medium to high for using all strategies, showing that she perceived herself to take an active approach to reading.
Table Scores for MARS) reading strategies
Key (igh Medium Low A high score indicates using a strategy often with a low score indicating that these strategies are used infrequently
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Discussion
We presented assessment data for a small case-series of individuals with aphasia who reported adequate reading of single words and sentences, but poor reading of text. The profiles of the four participants presented a mixed picture. We will now discuss the different profiles observed in these individuals, and any patterns emerging across cases. W, the individual who presented with mild/resolved aphasia, was within normal limits across all measures of linguistic processing (single word and sentences) as well as verbal working memory. She was also within normal limits for sentence verification (representing the text base) and error detection (comprehension monitoring). Her performance on inferencing was more ambiguous. She was outside the normal range for both local and global inferences, and for functional and inferential subtests on the MCLA. However, without being able to compare these scores directly to control data it is difficult to make a reliable interpretation. Further work with more sensitive assessments and complete control data is needed. There is evidence that difficulties with inferencing are correlated with aphasia secondary to left-hemisphere lesions, despite this skill typically being associated with right hemisphere lesions (Zaidel, Kasher, Soroker, & Batori, 2002) . For individuals with difficulties in inferencing (as in TBI), rehabilitation approaches can teach strategies that specifically target links to background knowledge. For example, summarizing, selfquestioning, clarifying and predicting content (Rich & Shepherd, 1993) or supporting active manipulation of the text content by using prompts to organize key points (Sohlberg, Griffiths & Fickas, 2014) . It is also worth noting here that as W was bilingual, this may have offered some 'cognitive protection' and made her better able
Profiling text comprehension impairments in aphasia Aphasiology ahead of print to recover from aphasia and/or manage her impairment more effectively (e.g. for similar accounts in protection against cognitive decline from multilingualism see Perquin et al, 2013) . A clearer picture emerged for L (mild aphasia). He showed a residual impairment in word comprehension. He was the only participant who showed poorer performance than controls on sentence verification (representation of the text base), and he also showed the clearest deficits in error detection -detecting only two of a possible 6 content errors in both easy and hard versions of this task.
His pattern indicates a residual impairment in lexico-semantic access, likely compounded by a fast reading speed and a mild reduction in working memory. This affects his ability to extract meanings from individual words and make both local and global inferences. This is in line with the finding that successful access to word meaning (i.e. vocabulary knowledge) is important for successful reading comprehension (Beck, Perfetti, & McKeown, 1982; Guo et al., 2011) .
There was no clear mapping between sentence comprehension deficits and text level impairments. It could be that difficulties with syntax will lead to difficulties with text, with syntactic parsing as necessary for both the shallow text-base representation and the richer situation model (Perfetti, 2000) . However, the data from S and P indicate otherwise. S (mild aphasia) and P (moderate aphasia) had slow reading speed, oral reading difficulties, and impairments in sentence comprehension and verbal working memory. Despite their more severe sentence comprehension impairments, both scored within normal limits for sentence verification and had relatively intact error detection. So both individuals had capacity to read at the text level. This parallels findings in spoken comprehension, in which a degree of redundancy in discourse processing appears to compensate for difficulties at the sentence level. For example, Stachowiak et al (1977) found no difference between the performance of individuals with aphasia and an adult control group for the comprehension of short, spoken passages, despite the fact that the individuals with aphasia had marked
Profiling text comprehension impairments in aphasia Aphasiology ahead of print difficulties with sentence comprehension. Elsewhere, it has been found that sentence comprehension improves when contextual information is provided prior to assessment (Cannito, Vogel, & Pierce, 1991; Hough, Pierce, & Cannito, 1989; Nicholas & Brookshire, 1983) . In contrast to this, there is evidence that syntactically complex sentence do affect the ability to comprehend spoken discourse (e.g. when comprehension questions target information presented within a complex syntactic structure; Levy et al, 2012) . Together, these findings support the idea that adults with aphasia perform better with discourse because it provides more context. Similarly, text level reading may benefit from a build-up of context over time, as more information is retrieved. However, there is likely to be an effect of syntactic complexity for written comprehension, and assessments that evaluate this systematically will need to be developed (for an assessment tackling this for spoken discourse, see Levy et al, 2012) .
Whilst P was unable to complete the error detection task for longer texts, it was not clear that this due to greater difficulties with sentence comprehension. It may have been due to more severe deficits in working memory resources and her beliefs about her reading capabilities. Both S and P had sentence comprehension impairments.
However, S was the only individual who reported using different reading strategies frequently. It may be that her use of active reading strategies enabled her to complete the harder monitoring task. Also, S scored within normal limits for functional and inferential reading on the MCLA, better than both W and L, who did not have sentence comprehension impairments. This finding is extremely encouraging, as it suggests that sentence comprehension deficits are not a barrier to successful text level reading, especially when an appropriate strategy is applied (as it is can be in the MCLA, when texts can be revisited). In the existing literature on treating text comprehension impairments in aphasia, strategy use (e.g. summarizing, taking an active approach to reading) has already been implemented with some success
Profiling text comprehension impairments in aphasia Aphasiology ahead of print (Meteyard et al., 2010; Potts & Morris, 2010) .
The findings of this study, in particular L's performance, support the relative importance of word meaning over syntactic parsing for building a representation of the text. When L's performance is examined, it appears to be access to single word meaning that is more critical for building a representation of the text. This is possibly because a lot of information can be extracted from the concatenation of words as they are read (e.g. Breznitz et al, 2013) .
Finally, there appeared to be a patterning of verbal working memory with performance on global inferences. Verbal working memory (VWM) is well documented to be impaired in aphasia (Caplan et al., 2013; Caspari, Parkinson, LaPointe, & Katz, 1998; Mayer & Murray, 2012) . Three of the participants (L, S and P) showed a pattern in which VWM span was reduced and scores on global inferences were worse than for local inferences. Error analysis showed that having the text present did not always mean an answer could be given. There were numerous omission errors for the inferential texts of the MCLA (when texts can be revisited). In addition, errors on the global inferencing task (texts cannot be revisited) often resulted in direct quotes from the text. Therefore, participants were able to retain information about the text base when the text was removed (e.g. to quote from it), but having the text present did not always make answering inferencing questions easier. Cain & Oakhill (1999) found that when the text was provided to children for them to check, global inferences did not benefit as much as local inferences. This Profiling text comprehension impairments in aphasia Aphasiology ahead of print Richie & Clark, 1991) . Two of the three participants in this study with reduced VWM capacity were within normal limits for sentence verification (our assessment of the text-base representation), lending an element of support to this interpretation.
However, further research is needed to clarify this relationship. For example, our assessments of inferencing were flawed. In the MCLA, it is possible that different kinds of inference are tested across the passages, as there is no annotation of which questions tap which kinds of inference. Instead, the whole texts are classed as 'functional/factual' or 'inferential'. In the local/global inference task created for this study, controls were at ceiling (preventing significance testing). For both tasks, it is likely that comprehension difficulties made understanding some questions problematic. Responses demanded phrases to be generated, placing those with production difficulties at a disadvantage. However, it appears that inferencing may be an area of difficulty for text comprehension in post-stroke aphasia, as it is in TBI (Ferstl, Guthke & von Cramon, 2002; Sohlberg, Griffiths & Fickas; . For rehabilitation, strategies that encourage reflection and the generation of information (e.g. note taking) or explicit retrieval of general knowledge (e.g. comparing against similar situations or events) may be of benefit. In addition, therapeutic work that specifically targets the maintenance of information and sustained attention may also benefit text reading (Coelho, 2005; Sinotte & Coelho, 2007) , although it remains to be seen how this impacts inferencing specifically.
Limitations and future research
The assessments used here need to be standardized and improved. In particular, complete normative data for measures of severity (Crawford & Howell, 1998) Profiling text comprehension impairments in aphasia Aphasiology ahead of print that the sentence verification task is open to interpretation, and we did not provide training for participants. We used an 'old' / 'new' choice (Royer, 1979; Royer, Hastings & Hook, 1979) where other studies have used a 'true' / 'false' choice in which people judge whether the sentence fits the meaning of the original passage (Sohlberg, Griffiths & Fickas, 2014) . Providing a practice session with feedback, as well as increasing the number of trials, would help to give clearer results. The sentence verification paradigm is particularly useful, since it does not require spoken or written output. It can also be expanded to include inferencing (e.g. Sohlberg, Griffiths & Fickas, 2014) . It would be particularly useful to develop materials testing the text-base (paraphrase), retention of fine-grained word meaning (meaning change items) and inferencing (local and global). This, in combination with measures of working memory and error detection, could provide a potentially sensitive set of measures for understanding text reading difficulties in aphasia. We are currently working towards this aim.
Conclusion
We completed a small case-series that assessed text comprehension impairments in four individuals with aphasia post-stroke. From the literature on healthy adults and children we identified a set of component processes that give a profile of text comprehension ability. We identified patterns of impairment, which suggest a critical role for some linguistic (access to word meaning) and cognitive skills (verbal working memory). In addition, a pattern was observed for a relationship between verbal working memory and the integration of background knowledge (global inferences).
Further research is needed to explore how sentence comprehension ties into text reading. Critically, we recommend assessing verbal working memory and inferencing skills for any individual with aphasia who presents with text reading difficulties. 
Error Detection Easy
Gorillas
Gorillas are the largest ape in West Africa
The male is usually about metres high and they move around by knuckle walking They are almost entirely vegetarian they inhabit the forests of West Africa and search for food in family parties Gorillas usually won t attack unless it s in self defence Gorillas make strong nests in trees for overnight use Gorillas walk around on two legs like humans because their DNA is identical to that of humans
Error Detection Hard
Wolf hunting )n the middle ages wolf hunting was a popular activity that people looked forward to with almost as much anticipation as the village dances
The hunt often lasted for many hours because the wolves did not want to be captured so there was usually a long tiring chase across fields and through woods The capture of the animal was seen as a great achievement On their return the hunters showed off the body of the beast in the village square for all to see Because the hunt itself was quite brief there was always plenty of time for fun and games afterwards Meteyard L Bruce C Edmundson A Oakhill J Profiling text comprehension impairments in aphasia Aphasiology ahead of print Appendix Table Errors on background reading assessments Subtests in which errors were made are given for the RCBA with more information provided when errors were localized to particular subtests e g oral reading for S and P For the MCLA errors were categorized thematically see Appendix B Correct answers receive points partial errors received half marks point other errors were marked Grey shading indicates a score below the normal range see Table   PT 
